Summary.-A modified Mantel-Haenszel analysis of data from the Oxford Survey of Childhood Cancers has shown that cases associated with foetal irradiation (X-rayed cases) accounted for a higher proportion of deaths between 5 and 10 years than of earlier or later deaths. This finding is compatible with somewhat later origins for the cancers actually caused by the radiation exposures (radiogenic cases) than for other (idiopathic) cases which proved fatal before 10 years of age. Therefore the usual time for incurring congenital anomalies (or the first trimester of foetal life) could be the commonest time for initiating childhood cancers. The theoretical implications of this and other findings of the Oxford Survey are discussed within the framework of a theory which assumes that all mutant cells have cancer potentialities and that defects in the immune surveillance mechanism favour multiplication of these cells (or endogenous sources of self-replicating foreign proteins) as well as live pathogens (or exogenous sources of self-replicating foreign proteins).
FOLLOWING the discovery of an association between childhood cancers and foetal irradiation (Stewart, WA'ebb and Hewitt, 1958) there have been several attempts to discover whether the X-rayed and non-X-rayed children in the Oxford survey had identical age distributions (Wise, 1961; Stewart and Hewitt, 1965; Stewart and Kneale, 1970) . These studies were based on the assumption that any cancers caused by foetal irradiation (radiogenic casesI) would form a relatively compact group temporally, since they would be (i) wholly composed of cancers with in utero origins and (ii) mainly composed of cancers initiated during the third trimester of foetal life (the usual time for X-raying pregnant women). Therefore, any doubts about whether the "extra" X-rayed cases in the Oxford Survey were radiation-induced would be resolved if age-at-death differences between the Xrayed and non-X-rayed cases could be established.
The detection of genuine age differences between radiogenic and idiopathic cancers posed many problems, for the following reasons:
(i) Less than 20% of the cancer cases had records of foetal irradiation, and the observed proportion was not more than 500 higher than the expected proportion. Therefore, besides being uncommon, the X-rayed cases probably included more idiopathic than radiogenic cases.
(ii) If both the radiogenic and idiopathic cases had in utero origins, it would be necessary to distinguish between two groups of cancers (with uncertain latent periods) whose mean initiation ages were less than 9 months apart.
(iii) During the pilot phase of the Survey (1953-55 ) the proportion of firstborn children with leukaemia who died between 2 and 4 years was exceptionally high (Stewart et al., 1958) . Therefore, without control for sibship position and other factors associated with foetal irradiation, there would be difficulty in distinguishing between genuine and spurious age differences. 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 (Stewart and Kneale, between X-rayed and 1970; Kneale, 1971 Oni the assumption that half the 86 X-raved cases in this subgroup were idiopathic cancers with the same age-atdeath distribution as 361 non-X-rayed cases, the radiogenic cases included 24 (55o6%) of deaths between 40 and 60 months (expected proportion 421°,). On the assumption that two-thirds of the X-rayed cases were idiopathic cancers, the radiogenic cases included 18 (62.80/) of deaths between 40 and 60 months.
The analysis of 1953-60 deaths was restricted to leukaemias anid lymphoCrude analysis of death ages The fully controlled analysis was preceded by straightforward comparisons between several groups of X-rayed and non-X-raved children (Table III) . These showed that for live children the ratios of observed to expected X-rayed children were somewhat higher over the first half of the age range than over the second half. For RES neoplasms the ratios were higher in the middle of the range than at either extreme, and for solid tumours they were highest between 7 and 9 vears. Not included in these (Kneale and Stewart, 1976a and b) chi-squares provided measures of overall differences between test and standard groups (Table IV) and t values showed the nature of the differences (Tables V, VI and VII) . Each analysis utilized the same test and controlling factors and the same factor levels (see footnote to Table IV) but instead of cancer cases being compared with live controls, several groups of X-rayed and non-X-rayed children were examined to see if the cases (i.e. X-rayed children) and controls (i.e. non-X-rayed children) had identical age distributions.
The constant test factor was age at death (or corresponding age for live 10-15 * Controlling factor as in Table IV. tP < 0-05. children) and there were always 6 age groups or test-factor levels. Therefore, each of the chi-squares in Table IV had 5 degrees of freedom, and only values greater than 11.07 were formally indicative of significant differences between cases and controls. Consequently, the findings for live children were compatible with identical age distributions for Xrayed and non-X-rayed children (chisquare 2.98), and the findings for cancer cases were not (chi-square 1108).
Further support for these conclusions was provided by most of the t values in impression of such a group among the cases which followed foetal irradiation. However, age differences between X-rayed and non-X-rayed cases were never firmly established for solid tumours, and even among RES neoplasms they were of doubtful validity.
The present investigation has strengthened the evidence in favour of a group of radiation-induced cases among the cases which followed foetal irradiation, by showing a genuine concentration of X-rayed cases in the middle of the age range covered by the Oxford Survey (i.e. between 6 and 10 years of age). Since there have always been more cancer deaths before 5 years than between 5 and 10 years, this suggests that the usual time for initiating a cancer which proves fatal before 10 years of age is earlier than the usual time for X-raying pregnant women.
Meanwhile, other analyses of Oxford data have shown: first, that the extra X-rayed cases were evenly divided between several diagnostic groups (Stewart and Kneale, 1970) and second, that sensitivity to the carcinogenic effects of low-level radiation is much higher during the first trimester of pregnancy than during the second or third trimesters (Kneale and Stewart, 1976b According to this theory infective and neoplastic diseases have in common the fact that they are due, in the first instance, to adverse environmental influences (either parasites or mutagens). However, they usually require, in addition, some malfunctioning of the cell systems which protect all living organisms against a common danger, namely, self-replicating sources of foreign proteins. The theory accounts for the greater rarity of infant than childhood cancers (and the small proportion of myeloid cases among childhood leukaemias) by assuming that the switch from passive to active immunity both favours the development of any mutant cell species which has obtained a prior foothold and makes infections exceptionally dangerous for infants with all forms of pre-cancer, but especially pre-cancers which combine rapid growth rates with involvement of the immune system (Stewart, 1977) .
Old age favours the survival of mutant cells for the same non-specific reasons that cause old age to be associated with low levels of resistance to infections; and the reason why adults are more likely to develo) chronic leukaemia or localized RES neoplasms than children is because a relatively high level of immunological competence is needed for localization of neoplastic diseases (or tumour formation) as well as localization of infections (or abscess formation). For the same reason, children who live in areas of holoendemic infections are more likely to achieve localization of an RES neoplasm than other children, because for such children high levels of humoral antibodies are a condition of survival. Hence, the associations between holoendemic malaria and children with giant lymphomas and chloromas (Burkitt and Wrighb, 1970; Davies and Owor, 1965) .
The association between renal transplants and localized RES neoplasms (Hoover and Fraumeni, 1973 ) is explained by making two quite simple assumptions: first, that infiltration of any part of the immune system with mutant cells may be a contributory cause of renal incompetence, and, second, that in these cases a post-operative infection death is not only likely but also a greater risk for patients with diffuse than with localized RES neoplasms. For similar reasons we would expect the small intestine to be a rare site for cancers, since an exceptionally high level of immunological competence in this location is everywhere a condition of survival, which is guaranteed by large concentrations of lymphatic cells or Peyer's patches.
Finally, there is no doubt that the uterus provides a much safer environment than the world at large. Therefore, the possibility exists that childhood cancers are largely the result of accidental or random mutations, and that adult cancers are largely the result of mutations affecting chronically damaged tissues. This would account for the verv different age distributions for sarcomas and carcinomas, and would also explain why it is only in children that the cancers caused by whole-body exposure to lowlevel radiation have the same cell-type distribution as other cancers. So long as the Oxford data were being used to discover whether the association between childhood cancers and foetal irradiation was independent of related factors, an appropriate statistical test was one described by Mantel and Haenszel (1959) . The optimal properties of this method have been studied by Birch (1964) who has pointed out that each analysis is essentially a test of the null hypothesis that two groups (usually known as "4cases" and "controls") have identical distributions of a specific factor after stratifying for related factors. When, however, there was a need to test for age variation in the cancer risk associated with foetal irradiation, the relevant null hypothesis was obviously that the exposed and unexposed children (or test and standard groups) had identical age distributions after stratifying for all associated factors.
Since this null hypothesis is of the same type as the ones tested by Kneale and Stewart (1976a and b) the procedures they used to identify factors with cancer associations can be used in essentially the same manner to compare the death ages of X-rayed and non-X-rayed children. However, for "cases and controls" in the earlier analyses, read "children with and without records of foetal irradiation" in the present analysis, and for "test factor levels" read either the "actual age at death" (cancer cases) or the "age at death of the corresponding cancer cases" (live children or matched controls).
Because the foetal irradiation records were compiled retrospectively, there was a possibility of age-biased recording of the event (or memory bias). However this source of error was eliminated by establishing 50(OS the approximate truth of the null hypothesis that the matched controls with records of foetal irradiation had the same distribution of ascertainment ages as the matched controls who were not X-rayed in utero, after controlling for possible interference from factors with foetal irradiation associations (Tables  IV and V) .
Method.-The statistical procedures were as follows:
(i) Let the population be divided into substrata (indexed by i) by all possible combinations of several levels of all the controlling factors.
(ii) Let the number of children in the test group (i.e. children with records of foetal irradiation) in terminal age group k in substratum i, be Aki, and the corresponding number of children in the standard group (i.e. children who were not X-rayed in utero) be Bki.
(iii) Let the total number of children in the test group in substratum i be Ni, and the corresponding number of children in the standard group be Mi.
(iv) Let E denote summation over substrata i, such that NiMi is greater than zero and (Aki+Bki) is less than (Ni+MM) for all k.
It should be noted that substrata i not satisfying these restrictions make identical (zero) contributions to the derived statistics and hence may be called uninformative. If the number of controlling factors is large, the test and standard groups will be distributed over many substrata; and consequently there will be a large number of substrata which are uninformative because Ni or Mi is zero. Whether a non-significant result in the analysis is genuine or simply the result of too few informative substrata, because of too many controlling factors, is to be adjudged on the basis of the size of the effective data (see below).
The results of the tests are shown in Tables VII-X. Thus in Table VII one can see (i) the quantity of effective data ENiMl/(NI + Mi) and (ii) the chi-square values (with 5 degrees of freedom) which provided overall tests of the null hypothesis when applied to different diagnostic categories.
In Tables VIII-X with age and the quadratic trends with age.
Since age is a continuous variable, there should be a continuous or smooth trend of relative risk with age. Therefore, just as the homogeneity chi-square from any crude analysis can be partitioned into components (for various forms of trend) with one degree of freedom (which are the squares of t values) by the methods of Cochran (1954) and Armitage (1955) so the chi-squares from the present analysis can be partitioned by the methods of Mantel (1963) .
By using these procedures one can test for difference between the mean ages of test and standard groups. An appropriate scoring system for this test is a linear one in which the score varies from 1 for the lowest age group to (in this case) 6 for the highest age group. The corresponding t value may be called a "progressive component" because it shows whether there is any tendency for the relative risk to increase or decrease progressively with age. Similarly, a second t value (quadratic score) corresponding to an orthogonal quadratic scoring system, will show whether there is significant peaking or troughing of the relative risk at some point in the age range, or whether the age distributions of test and standard groups have different variances (Tables IX  and X) .
Rationale.-The reason for using this oblique method to test for differences in the age distributions (instead of straightforward comparisons of means and variances) was of course that, when the data were divided into substrata by the controlling factors (especially birth year) the ranges of age in each substratum were very different. A detailed discussion of the problems raised by these differences was given by Kneale (1971) . However, the necessity for using some form of weighted average across substrata (which is what the MantelHaenszel procedure essentially does) was realized as early as 1961 by Wise. From this consideration, it may be seen that the effect of omitting such controlling factors as social class, sibship position and maternal age from the analysis would have been to obtain results precisely similar (only with more data) to the ones described in the historical introduction to this paper.
Interpretation.-In interpreting the results of these tests, one should first look at the multi-df chi-square to see if the overall null hypothesis of homogeneity is rejected, as it is for the group consisting of all malignant diagnoses. One then studies the t values for individual age groups and the progressive and quadratic components of the trend, to see which is mainly responsible. This reveals that the major difference between X-rayed and non-X-rayed cases is that the former have a more sharply peaked age distribution, since the corresponding quadratic component is strongly positive, but the difference in the mean ages is not large. Further subdivision into diagnostic groups reveals that this sharp peaking is a characteristic of the RES neoplasms; the picture for the solid tumours is less clear, probably because they are more heterogeneous.
